It is generally agreed that evacuation of the gall bladder enhances the digestion and absorption of fat. Clinical experience or phylogenetic considerations (Ivy, 1953; Schondube, 1955) are quoted in support of this opinion. Unfortunately convincing evidence is lacking. Some studies performed after cholecystectomy in man (Bucko and Dvorsky, 1957; Fedor and Fisher, 1960) , in the dog (Heersma and Annegers, 1948) , and in the cat (Ginter, Bobek, Blazek, and Cervein, 1963) indicate that the gall bladder may play a minor role in fat absorption.
The rising incidence of biliary disease and of cholecystectomy stimulated us to a detailed study of this problem. The digestion (Krondl, 1961a, b) and absorption (Krondl, 1961c, d , e) of fat were compared in patients after cholecystectomy and in control subjects.
METHODS AND RESULTS
Experiments I and 2 were performed in patients after cholecystectomy. There was no evidence of hepatic, pancreatic, or small bowel disease, nor was there any defect of intermediary fat metabolism.
EXPERIMENT 1 Eight control subjects and eight patients who had undergone cholecystectomy (mean age 42 years for both) were given 180 g. of cream (33% of fat; mean fat dose 0-85 g./kg. body weight). The serum level of esterified fatty acids was estimated (Stern and Shapiro, 1953) while the subjects were fasting and two, three, four, and six hours following the fat meal. No significant differences in alimentary lipaemia between patients after cholecystectomy and controls were observed (Fig. 1) . In both groups the course of individual curves revealed a distinct variability.
EXPERIMENT 2 In the next experiment the fat was given intraduodenally to exclude the influence of gastric emptying on fat absorption. Olive oil, 50 ml., was given by means of an Einhorn tube over 30 minutes to 10 control subjects (mean age 42-2 years) and to 10 patients after cholecystectomy (mean age 43 1 years). The mean fat dose was 0-86 g./kg. body weight. During the four hours following the fat meal samples were withdrawn and the concentration of total bile acids was estimated (Cottet, 1939) controls but was without influence on their level in patients after cholecystectomy. Statistical evaluation by means of the t test showed that the difference between both groups was, in spite of a large variability of values, significant within the first hour after the administration of oil (0-05 > P > 0 01). The area of bile acid curves was also significantly reduced after cholecystectomy (005 > P > 0.01). In spite of the substantial difference of intestinal bile acid concentration between both groups, no significant decrease (P > 005) of alimentary lipaemia after cholecystectomy was observed (Fig. 2) .
Two further experiments were designed to see whether bile supplements or synthetic emulsifying agents may enhance the fat absorption after cholecystectomy.
EXPERIMENT 3 Six patients after cholecystectomy were given intraduodenally 50 ml. olive oil. The experiment was repeated within five to seven days and with the addition of 2-5 g. of dried ox bile. The bile supplement caused a slight but insignificant increase of alimentary lipaemia in five patients. EXPERIMENT 4 The previously described experiment was repeated with the addition of Tween 80 (Bayer, Leverkusen) instead of ox bile. The experiments were carried out in six patients after cholecystectomy and in five controls.
The addition of Tween 80 resulted in a marked increase of alimentary lipaemia in patients after cholecystectomy (Fig. 3) . The difference between the first and the repeated experiment was statistically significant (Wilcoxon's non-parametric test described by Siegel (1956) olive oil in six patients after cholecystectomy. The fine line is the mean curve without Tween 80 in six patients and the thick line is the mean cuirve after addition of 2 g. of' Tween 80 in the six patietts. C'olumns denote the corresponding areas of curves without the emiulgator (white) and after addition of Tween 80 (black).
EXPERIMENT 5 To complete the investigation fat balances on a standard diet were performed in 10 controls and eight patients after cholecystectomy. The diet was composed of protein 95 g., carbohydrates 360 g., fat 85 g. (olive oil or butter), a total of 2,540 calories. The faeces were collected from the third to the eighth day and the faecal fat was estimated according to the method of Van de Kamer (1949) .
No differences between the groups were observed (Fig. 4) . However, in patients after cholecystectomy a larger variation in faecal fat content was found.
DISCUSSION
The results of our experiments suggest that the evacuation of the gall bladder is not essential for Effect of cholecystectomy on the role of the gall bladder in fat absorption 609 (Heersma and Annegers, 1948) . Later on, however, it was shown that the addition of dried ox bile (1[5 to 2-5 %) enhances the absorption of fat from ileal loops in dogs (Annegers, 1957) .
In evaluating the effect of bile on fat absorption its composition must be considered. The analysis of the bile used by us showed that the main constituent was cholic acid; more than 50 % of the bile acids were unconjugated. According to Dawson and Isselbacher (1960) the unconjugated bile acids have an unfavourable influence on the uptake of palmitate in vitro.
The favourable influence of Tween 80 on fat absorption is emphasized by several authors (Jones, Culver, and Drummey, 1948; Becker, Meyer, and Necheles, 1950; Brien, Turner, Watson, and Geddes, 1952; Krondl and Bohdalova, 1959) but denied by others (Heersma and Annegers, 1948; Demole, and Arpin-Morand, 1952; Tidwell and Nagler, 1953; Holt, Tidwell, Kirk, Cross, and Neale, 1935) .
The substantial increase of alimentary lipaemia with Tween 80 after cholecystectomy was to a certain extent in disagreement with the rest of our results.
The explanation of this phenomenon is difficult because of the various effects of Tween 80 on fat metabolism. These effects include: emulsification of fat; inhibition of pancreatic lipase removed by bile salts (Minard, 1953; Krondl, 1961d) ; depression of palmitate uptake by the everted intestine of rat; and enhancement of mucosal esterification of the absorbed fatty acid (Dawson and Isselbacher, 1960) .
In the elucidation of our results the following possibilities should be considered. In the absence of high concentrations of bile acids, or some other factor in the bile, Tween 80 may provoke some physico-chemical changes in the absorbed fat which in turn could affect (retard) its removal from the blood. In the experiments with cream and olive oil some differences in serum turbidity after cholecystectomy were observed but unfortunately could not be evaluated because of the broad variation of values. For better understanding of the effect of Tween 80 on fat absorption further investigations are required.
From our own and other quoted results it may be concluded that the fat intolerance observed in some patients after cholecystectomy is probably not caused by malabsorption, but two further factors, alone or in combination, impaired digestion and acquired intolerance (hypersensitivity), to certain fats or their constituents should be considered. Further results (to be published) suggest the first factor as a possibility.
SUMMARY AND CONCLUSIONS
The role of the gall bladder in fat absorption was investigated in patients after cholecystectomy and in controls. After ingestion of cream (0.85 g. fat/kg. body weight) or intraduodenal application of olive oil (0.86 fat/kg. body weight) no significant differences in alimentary lipaemia between the two groups were established. The addition of 2.5 dried ox bile to olive oil failed to enhance significantly the alimentary lipaemia in patients after cholecystectomy. However, the administration of 20 g. Tween 80 caused a significant increase of alimentary lipaemia in these patients. No difference in faecal elimination of fat between patients after cholecystectomy and controls were found.
It may be assumed that removal of the gall bladder does not influence the absorption of butter fat and olive oil, and that the evacuation of the gall bladder is not essential for the absorption of these types of fat in man.
